Oat (Avena sativa L.) is a cereal species widely used for human food and livestock feed. It is rich in primary metabolites (e.g., protein, carbohydrate, and fibre) as well as in many secondary compounds (e.g., fructo-oligosaccharides). A germplasm evaluation was carried out to determine the genetic diversity, using univariate and multivariate analyses, and to define an oat ideotype for grain and fodder production adapted to the Mediterranean environment. A total of 109 genotypes were studied under field conditions in Foggia (southern Italy) over two growing seasons (2008-2009 and 2009-2010). All of the accessions were characterised according to 13 bioagronomic traits. Accessions were very different for these evaluated traits, with wide variabilities found particularly for seed yield and fructo-oligosaccharide concentration (CV = 37%). Principal component analysis showed that the first six axes accounted for 81% of the variability. Productivity characteristics and heading time were the major sources of diversity among these oat populations. Clustering entries identified nine groups based on their morphological and agronomic properties. The relationships found among traits can help to determine which groups of genotypes are better adapted to specific environmental conditions and to identify ideotypes for developing varieties for different purposes such as for food or forage.
Introduction
Oat (Avena sativa L.) is used throughout the world for human food and animal feed, and it is frequently grown as a dual-purpose crop (grain harvest after grazing or forage cutting) [1] . As a pure stand, or also associated with the most common annual legumes, oat is one of the major forages grown and a main component of crop rotation in Mediterranean farming systems [2] . In recent years, its agronomic and nutritive values, as well as the increase in the popularity of organic agriculture due to its ability as a winter cover crop in no-till rotations, have led to renewed interest in this crop. Furthermore, the demand for oat for human consumption has increased, particularly because of the demonstrated dietary benefits of oat whole-grain products [3] . Oat is considered to be a nutritious source of protein, carbohydrate, fibre, vitamins, and minerals as well as of compounds with beneficial effects on health (e.g., polymers of fructose, and antioxidant molecules) [4] . In particular, oat grain has a high concentration of fructo-oligosaccharides (FOS), soluble nonstructural carbohydrates made of short chains of fructose molecules [5] . FOS have been termed "prebiotics", because they can selectively stimulate growth and/or activity of a number of potentially health-stimulating intestinal bacteria, and they have essential roles in many molecular processes that impact upon eukaryotic biology and disease [6] . Recently, a new approach in the feed supply chain has suggested that milk production and composition can be influenced by the availability and characteristics of the soluble carbohydrates in the animal diet [7] . However, little is known about the variability of FOS concentrations in the forage biomass of cereals.
At present, the same varieties of oat that are usually used for fodder are also used for grain. Oat genotypes have generally been selected for high grain yield and harvest index, pest resistance, and/or environmental stress tolerance [8] . However, fodder cultivars must produce large amounts of highly digestible green fodder for animals, must have high 2 International Journal of Agronomy regrowth ability following cutting, and must be resistant to potential plant diseases that can limit fodder yield in the production areas [9] . Within this context, an oat ideotype that can be reliably cultivated in the Mediterranean areas for grain or fodder crop is needed.
The first step in a breeding programme is to determine the amount of variation that is present in the characters of agronomic importance within a large collection of materials in order to define the valuable populations to be considered further. Assessment of the genetic variability can be achieved using morphological measurements and phenotypic characterisation [10] . Bioagronomic characterisation carried out using appropriate statistical methods continues to be a useful tool for the initial description and classification of oat collections, as it allows plant breeders to identify and select valuable genetic resources for direct use by farmers, in breeding programmes, or for planning efficient germplasm conservation and use [11, 12] . The genetic variation in the germplasm for the agronomic traits can be subjected to multivariate analysis (principal component analysis (PCA) and cluster analysis) to establish the relationships among various accessions.
The objectives of this study were to: (i) explore and quantify the genetic variation of the main bioagronomic traits, (ii) analyse the degree of similarity/dissimilarity among 109 oat accessions using a multivariate statistical approach, and (iii) define the oat ideotypes for grain or fodder production that are applicable for plant breeding under Mediterranean conditions.
Materials and Methods
The experiments were carried out during the 2008-2009 and 2009-2010 . All climatic data were obtained from an on-site weather station. Maximum and minimum daily temperatures were used to calculate growing degree days (GDD) with a 0
• C baseline temperature. A total of 109 genotypes from different geographical origins were evaluated that belonged to old and modern cultivars and advanced breeding lines. The experimental design was with a randomised complete block with one replicate being grown in each of two years. The plot size was 10 m 2 , with 8 rows that were 7.5 m long and 0.17 m apart; sowing was during the second half of November, at a seeding density of 350 seeds m −2 . A dose of 200 kg ha • C for 48 h, weighed, and then ground through a cyclone mill with a 1-mm screen. Enzymatic methods (Megazyme, methods AOAC 999.03 and AACC 32.32) were used for determination of the FOS content (% dry weight (d.w.)). For each plot in both years, the following traits were determined: heading time (HT; days from 1 April), maturity time (MT; days from 1 April) and filling period (FP; days), as the differences between maturity and heading time. Physiological maturity was measured as the date when 50% of the panicles within a plot had reached 80% chlorophyll loss (Feekes's growth stage, 11.4). Furthermore, at maturity, which was approximately 210 days after sowing, the seed yield (SY; g m −2 ) was determined after harvesting the six inner rows in a plot. The plant height (PH; cm), seed test (ST; kg hL −1 ), and 1,000 seed weight (TSW; g) were also recorded in both years of evaluation. During 2009, the seed yield components were determined in a linear metre row previously removed from the centre of each plot and stored separately, and 30 random and representative panicles were used to determine traits related to panicles. Agronomic characters recorded were: plant density (NP/m −2 ; no. m −2 ), panicle density (NPa/m −2 ; no. m −2 ), seed weight per panicle (SW/Pa; g), and seeds per panicle (NS/Pa; no.). The Harvest index (HI) was calculated as the ratio between grain yield and biological yield.
Statistical Analysis.
The means, standard errors, coefficients of variation (CV; %), and range for all of the bioagronomic traits were calculated over the two growing seasons for whole collection. An analysis of variance including the fixed factor genotype and the random factor year was carried out for each trait, using genotype × year as the error term for genotype main effects. Furthermore, we calculated all of the possible correlation coefficients among the traits recorded during 2009. To investigate the importance of the different traits in the explanation of multivariate polymorphism in oat genotypes, PCA was developed with the aid of the STATISTICA software (StatSoft version 7.1 StatSoft, Inc., Tulsa, Okla, USA). Data for different traits were standardised to a mean of zero and variance of one, to overcome differences in size during recording [13] . Six principal components were extracted by determining the relative scores. Cluster analysis was performed to measure the hierarchical similarity among genotypes. From the PCA values, a Euclidean distance matrix was established [14] to obtain a relative dendrogram. The entries were clustered using Ward's minimum-variance method. The reference line on the dendrogram was drawn where the number of clusters was equal to approximately 20% of the total distance. First and second principal component axes scores were plotted to aid visualization of accession differences. In addition, the oat populations were arbitrarily grouped for seed yield potential International Journal of Agronomy 3 as high (SY ≥ mean + standard deviation (SD)), medium (mean − SD < SY > mean + SD), or low (SY ≤ mean − SD) and for heading time as early (HT < mean time) or late (HT ≥ mean time).
Results
Meteorological conditions for the two growing seasons, with long-term means, from the local weather station in Foggia, are shown in Table 1 . Years were very similar in mean maximum and minimum temperatures, in total rainfall, and in GDD values. A maximum difference of 1.3
• C was recorded from the 52-yr mean, whereas compared with long-term climate data, both growing seasons resulted rainy.
The descriptive statistics (i.e., mean, range, CV) for the 13 quantitative traits are reported in Table 2 . The most variable traits were seed yield, HI, FOS content, seed weight, and seed number per panicle. The lowest variation was estimated for time to maturity and plant height; all the other traits showed intermediate values. Seed yield ranged from 118 g m −2 (cv. Plata) to 606 g m −2 (cv. Alcudia), while other important traits also showed large levels of divergence. Indeed, the days to heading ranged from 18 to 45 days. Furthermore, oat is generally a tall plant and the accessions analysed showed a mean height of 133 cm, with breeding line BD 118 as the shortest (107.5 cm) and breeding line Vir 2301 as the tallest (162.5 cm). The number of panicles per m 2 also had a wide range, varying from 246 to 918, with a mean of 495 panicles per m 2 , while the FOS content in the biomass ranged from 1.12% to 6.70%. Among the traits related to the seeds, the seed test is important for the agronomic quality, and it ranged from 33.9 kg hL −1 (cv. Pluco) to 53.5 kg hL
(Rhea × Peniarth). As an important character to indicate seed size, the TSW ranged from 13.7 g (cv. Roar Se Jet) to 36.5 g (breeding line PC 59). Furthermore, differences among genotypes were statistically significant for most of the traits recorded in both years. The correlation matrices showed some significant correlations between the plant characters ( Table 3 ). The heading and maturity times were negatively correlated with the seed yield, HI and TSW. The seed yield increased with increased HI, SW/Pa and TSW. In turn, HI was positively correlated to NPa/m 2 , NS/Pa, SW/Pa, and TSW. No significant correlations were observed between FOS content in the biomass and the other traits.
To determine the patterns of variation and to detect the structure in the relationships between traits, PCA was carried out considering all of the 13 variables simultaneously ( Table 4 ). The eigenvalues representing the variance of the principal components, the cumulative percentages of the eigenvalues that indicate the percentage contributions to the total variance attributable to each principal component, and the eigenvectors indicating the degree of association among the original data and each principal component are also reported in Table 4 . The first six principal components (PC1-PC6) accounted for more than 81% of were determined on the basis of estimated factor loadings. PC1 was related to SY, HI, SW/Pa and TSW; PC2 to HT, MT, filling period (FP), and NPa/m 2 ; PC3 to SW/Pa, and NS/Pa; PC4 to FOS content and NPa/m 2 ; PC5 to PH and ST; and PC6 to FOS content. Considering the loadings relative to the first and second components, it can be inferred that productivity characters, that is SY, HI, and TSW, (with positive eigenvectors) together with heading time (with a negative eigenvector) are the major sources of diversity among these oat populations.
Due to low values in factor loadings, the scatter diagram of the first two principal components shows no evident and significant groups of genotypes (Figure 1 ) However, the phenotypic variation among these accessions of oat for seed yield and heading time was large, and the dispersion along both of the principal component axes supported delimitation of the genotypes based on observations of these two traits. Accessions with high yield potential were on the right side of the scatter plots, and a distinct phenological gradient was formed from late to early. Each group of heading time had a distinct position, although some overlap occurred. The three accessions with the highest positive and negative coefficients of the first component (first and second quadrant, resp.) were both cultivars and breeding lines.
These most divergent accessions, according to variation, along with the first two principal components are given in Table 5 . It is interesting to note that populations with the same high seed yield potential differed by more than 2 weeks in the heading times. In particular, Genziana showed higher HI, whereas the breeding line CW 0002/58 was shorter and earlier, with a long FP, lower HI, and high FOS content. Furthermore, these differed for other important characteristics such as seed test and panicle density. The three low-seed-yield populations differed mainly for plant height, HI, and seeds per panicle.
Due to the difficulty to group genotypes using only the PCA analysis, cluster analysis was performed to reveal any connections among these germplasm accessions. Similar populations were clustered according to minimal distance analysis on the basis of the mean values of the six principal components. The 109 genotypes examined can be agglomerated into nine clusters at a Euclidian distance of 22% (Figure 2 ). Cluster analysis, according to the results obtained 
Discussion
According to Richards [15] and Shorter et al. [16] , the first step towards maximising crop yields by agronomy or plant breeding is to ensure that the crop phenology is well fitted to the available resources of the production environment. In the present study, the analysis of bioagronomic traits shows pronounced variation among these 109 oat populations that can be useful for a variety of improvement programmes. The data show that the genotypes evaluated were mainly heterogeneous for seed yield and FOS content. A large variation in FOS concentration was also reported by Livingston et al. [17] in more than 200 lines of oat evaluated at the tillering stage of plant development. Genetic variability for FOS concentration was high enough to allow more detailed physiological studies with fewer accessions that have a wide range of FOS content. The heading time is an important characteristic for determination of the final seed production in the Mediterranean environments where high temperatures in spring are frequent. Usually, the heading time in oat under the southern Italy climate conditions occurs in the first ten days of May. Indeed, early flowering allows a long seedfill period, during which the leaves remain green and the seed fill is improved. Therefore, high yields in oat might be related to rapid seed filling characteristics, and so the adaptation to the environment might be improved through selection of early flowering genotypes [18] . The importance of the earliness trait, as the mechanism of response to abiotic stress in the final phase of the biological cycle, has been confirmed by the significant negative correlation found between heading time and seed yield. The higher range and variation measured for heading time, in comparison with maturity time, indicate that there is good potential for improving these oat accessions for this trait.
Furthermore, according to Redaelli et al. [18] , high seed yield in oat is negatively correlated with plant height and positively correlated with seed weight. The plant height is very important in terms of resistance to lodging and HI. A gradual reduction in the plant height associated with an increased HI has represented the main breeding goal in cereals, with an effect on the sink capacity and the biomass partitioning [19] . Moreover, in the present study, seed yield was positively correlated with seed weight per panicle, a trait that was considered by Peltonen-Sainio [20] to be a more suitable parameter to define the productive oat ideotype.
According to Peterson et al. [4] , knowledge of some of the relationships among different traits can help breeders to optimise some traits simultaneously. As the correlation analysis can only show the association between single traits, multivariate analysis has been used to quantify similarities and dissimilarities as well as to assess relative contributions of various traits to the total variability in germplasm collections [12, 14, 21, 22] . Furthermore, classification using multiple agronomic characteristics helps to more precisely identify a cultivar's adaptation and would improve the evaluation of a cultivar for potential adaptation [23] . Our data show that each trait is an important source of variation in at least one principal component axis although there was not a single trait in a principal component that could explain a reasonable extent of variation. However, considering the loading relative to PC1 and PC2, it can be inferred that 6 International Journal of Agronomy the yield characteristics together with phenology are the major sources of diversity. As reported by Firincioǧlu et al. [24] , biplot diagrams can be used to select genotypes that might have favourable combinations of traits for use in a breeding project. For example, if an objective was to increase seed yield, genotypes that fall in the right quadrants are generally above average for this specific trait. In the present study, the ordination of the accessions along the axes of the first and second principal components revealed two distinct clusters, on the basis of heading time and seed yield. However, different genotypes can be considered as potential sources of earliness, although they are not suitable for improvements to seed yield.
Indeed, these data have revealed different associations between traits in the materials studied. This suggests that through selection, there is the possibility of obtaining suitable genotypes that can combine high yield with desirable traits, to use these in future selection programmes. As populations with the same potential productivity appeared to be considerably different for the other traits, their high performances in SY can be a consequence of different gene pools. If this is true, by crossing these, very wide genetic variation can be achieved in the segregating generations [25] . This gives us the opportunity of synthesising oat varieties that are characterised by different heading times, plant heights and/or FOS contents.
Among the most productive genotypes, Genziana and CW 0002/58 showed high and low HI values, respectively. According to Peltonen-Sainio et al. [26] , this confirms the complex nature of HI and its dependence on its components (vegetative biomass and grains). Furthermore, PeltonenSainio et al. [26] found that for oat, grain yield had high, contrasting loadings to phytomass. In our case, it appears that in CW 0002/58 the increased grain yield was not obtained at the expense of vegetative above-ground biomass. In other words, it appears that Genziana and CW 0002/58 represent the good ideotypes for grain and forage biomass yields in the Mediterranean environment.
The cluster analysis calculated according to the first six principal components shows remarkable inter-group and intragroup diversity. The dendogram obtained consists of nine groups and a number of subgroups that result from different morphological and agronomic traits. It has been hypothesised that these groups would predict genetic similarities among cultivars [23] . The multivariate approach appears, therefore, to be a valid system for germplasm evaluation in oat, which allows the detailed characterisation of populations in terms of their adaptation and productivity, with higher discriminatory capacity in comparison to separate single trait analysis. From a breeding point of view, according to Veronesi and Falcinelli [25] , the presence of remarkable diversity within the germplasm collection appears to be of great interest in providing valuable materials for breeding programmes that are aimed at oat improvement in the environment studied, which is representative of the Mediterranean climate.
Conclusions
The analysis of variation of these 109 accessions has provided interesting information about the associations of characters that are useful for the formulation of better hypotheses for breeding studies. Indeed, the absence of strong associations among the investigated traits allows useful recombinants to be obtained for breeding studies. Furthermore, this analysis clearly shows the independent variation of FOS content, which suggests that in a broadly based breeding programme, it should be possible to independently manipulate the quality traits of the forage and grain. Improvements in grain yield in oat cultivars should result from genetic changes in the ability to yield grain at the expense of vegetative, above-ground biomass (high HI) and to obtain good kernel weight and test weight. Genotypes of clusters V, VI, and VII show these desirable characteristics. A fodder-yielding plant should be tall and leafy, with a longer vegetative phase and a greater biomass (low HI). Genotypes of clusters I, II, and IX have most of these characteristics, along with high biomass FOS content, which makes them suitable as green fodder crops.
The present study has, therefore, contributed to our increasing knowledge of the available oat germplasm, and on the basis of the definition of ideotypes, it emphasises the potential for developing varieties for different purposes, such as for food or forage. However, further studies should be carried out to confirm these data.
